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Introduction
49
Computerized adaptive testing (CAT) is a form of intelligent questionnaire; the basic idea is to 50 maximize the precision by only asking questions relevant for the individual [1] [2] [3] . For example, if a 51 patient has reported severe emotional problems to the previous items (questions), the next item will 52 be one relevant for patients with severe problems. In this sense the questionnaire is adapted "on-the-53 fly" to the individual using previous responses to select the most informative next item. Clearly, 54 such adaptation cannot be done using usual paper questionnaires, but requires the use of computer 55 technology. All items used in a CAT are selected from a collection of items called an item bank or 56 item pool. In a CAT item bank the items have been calibrated (fitted) to an item response theory 57 (IRT) model [4, 5] . This means that scores based on any subset of the items are comparable. This 58 unique property facilitates the adaptation to the individual without compromising comparability 59 across individuals. The adaptability, i.e. the selection of the most informative item at each step, 60 generally makes CAT instruments more precise than traditional, "static" questionnaires asking the 61 same number of items and more efficient in the sense that fewer items are needed to obtain a 62 specific precision. CAT instruments are also highly flexible as they can be adapted to the 63 requirements of each study or setting. Because of these advantages of CAT several groups have 64 developed and/or explored the use of CAT to assess patient-reported outcomes (PROs) [6] [7] [8] [9] [10] [11] [12] [13] . health/quality of life [16] . To improve the assessment of PROs in oncology, the EORTC Quality of 71 M A N U S C R I P T
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One of the key domains of the QLQ-C30 is emotional functioning (EF). The QLQ-C30 EF scale 83
consists of four items measuring depression, anxiety (two items), and general distress that are 84 assumed to represent a unidimensional construct. Responses to the four items are summed to form a 85 unidimensional EF score. The new item bank should include the four QLQ-C30 EF items. Hence, 86 the aim is a unidimensional item bank comprising the QLQ-C30 EF items and as many additional 87 items on depression, anxiety, and general distress as possible. 88
89
As for any EORTC instrument, development of the CAT instrument takes place in an international, 90 cross-cultural setting. The EORTC CAT development procedure consists of four phases: I) 91 literature search, II) operationalisation, III) pre-testing, and IV) field testing. Phases I to III of the 92 EF CAT development have been completed and described elsewhere [17] . In phase I we identified 93 1,729 EF items from existing questionnaires. The large majority of these items (1, 480) were 94 excluded mainly due to redundancy or lack of relevance for the EORTC measurement of EF. The 95 remaining items formed the basis for formulating new EF items fitting the "QLQ-C30 item style". 96
After a second round of evaluations of redundancy and relevance 63 items were retained. 97
Evaluations by international samples of experts (phase II) and cancer patients (phase III) further 98 reduced this to 38 candidate items. The present paper report on the phase IV field testing and 99 psychometric evaluations of the 38 EF items. 100 101
Methods
102
The methods and analyses used in phase IV for the final development of the EF item bank are 103 described below. They generally follow the approach previously reported for other dimensions [20-104 
is said to exhibit DIF, which may make comparisons across groups problematic as the same item 188 response may reflect different levels of EF in the groups. We tested for DIF using ordinal logistic 189 regression methods [22, 42, 43] were evaluated using simulations of CAT administration based on the collected data. We simulated
CATs, and compared these scores with the score based on all items. We evaluated the relative 223 validity (RV) of these CATs as compared to the QLQ-C30 EF scale in detecting expected group 224 differences [46] . The RV is the ratio of two test statistics for comparing two (known) groups. We 225 used the t-test statistic for each of the CATs as the numerator and the t-test for the QLQ-C30 EF 226 scale as the denominator. An RV>1 indicates that the CAT measure has greater discriminating 227 power than the QLQ-C30 scale. We hypothesized that patients with stage I or II vs. stage III or IV, 228
patients not in treatment vs. patients in treatment, patients working vs. patients not working, men 229 and older patients would have better emotional functioning. The known groups variables being 230 significant for at least one of the outcomes (the QLQ-C30 EF scale or one of the CAT based scores) 231 were used for calculating RVs. We also evaluated the RV of the CATs based on simulated data. We 232 simulated responses to the items based on EF scores sampled from normal distributions with 233 different means. We compared groups of size N 1 =N 2 =25, 50, and 100, respectively and true effect 234 sizes (ESs) of 0.2, 0.5, and 0.8, respectively. For each of these 3x3=9 possible settings, we ran 235 2,000 simulations. For further details on these simulations please see Petersen et al. [21] . 236
237
The descriptive analyses in step 1 were based on all available data for each item. The analyses in 238 step 3-6 were based on complete cases, i.e. those responding to all items, while the observed data 239 evaluations in step 7 were based on those responding to all items in the final model. 240 Table 1 . Sociodemographic and clinical characteristics of the study sample (N=1,023).<< 242 M A N U S C R I P T
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Results 244
We obtained responses from 1,023 cancer patients coming from Austria, Denmark, Italy, and the 245 UK. Patient characteristics are presented in >> Insert Table 1 outfits just below 0.7 indicating that the information from these items might be slightly redundant to 291 the information from other items. However, as all residual correlations for the three items were 292 <0.15 the assumption of local independence did not seem significantly violated and as the items 293 may contain unique information making them preferable in specific situations we retained them in 294 the item bank. Hence, all in all, the 24 items seemed to have acceptable fit to the GPCM. 295 296 Table 3 presents the findings of significant DIF. There was no significant 297 DIF with regard to treatment, cohabitation, or work. Of the 24 items, 12 showed potential problems 298 with DIF. Most differences were found between countries; seven items showed country DIF while 299 1-2 items showed possible DIF with regard to age, gender, stage, cancer site, or education. 300
Test for DIF. >> Insert
301
We evaluated the impact of the possible DIF for the estimation of EF. These evaluations generally 302 indicated that the DIF findings had almost no effect when using all 24 items to estimate the EF 303 score (details omitted). Even in the extreme case where only the DIF item was used to estimate EF, 304 the DIF findings did not seem to have any significant impact, i.e. there were no indications of 305 salient scale-level differential functioning regardless of the number of items used for the estimation. 306 Therefore, we concluded that the DIF findings likely did not have any practically relevant impact on 307 EF estimation, and therefore, retained all items in the model. 
was very close to the score based on all 24 items (details omitted). Scores based on three or more 373 items correlated >0.90 with the scores based on all items (see >>Insert Fig. 2 ). >>Insert Fig. 3  374 summarizes the results of the known groups comparisons. Contrary to expectation there was no 375 significant difference between work statuses. Stage, treatment, gender and age showed significant 376 differences as hypothesised and were therefore used to calculate mean RVs for the observed data. 377
Both observed and simulated data indicated low power if using only one item. The observed data 378 indicated that when 2 or more items are asked in the CAT, sample sizes may be reduced by about 379 20-50% without loss of power as compared to using the QLQ-C30 EF scale. The reduction 380 generally increased with the length of the CAT with approximately 20% savings with 2 items, 40% 381 with 6 items and 50% with 18 or more items. The simulated data on the other hand indicated that 382 using the CAT may only reduce sample size requirements by up to 15%. Hence, there were 383 significant differences in the expected reductions in sample size requirements based on the observed 384 and simulated data. 385
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>>Insert Fig. 3 . The average relative validity (RV) and relative required sample size using CAT 387 measurement compared to using the QLQ-C30 EF sum scale based on observed and simulated data, 388 respectively.<< 389 390
Discussion 391
The overall aim of the EORTC CAT-project is to develop a new version of the EORTC QLQ-C30 392 with better and more precise measurement of HRQOL. This will hopefully improve the 393 identification and treatment of patients' symptoms and problems. In this study we have expanded 394 the existing QLQ-C30 EF measure to an item bank covering a broader range of the EF continuum. 395
We obtained an EF item bank of 24 items showing good psychometric properties: factor analysis 396 indicated acceptable unidimensionality and IRT calibration and evaluations showed good fit to a 397 GPCM. We found some indications of DIF. However, evaluations indicated that even though there 398 were statistically significant differences these did not have any practically relevant impact on the 399 estimation of EF, i.e. EF scores based on the item bank can be compared across patients and studies 400 regardless of patient characteristics. 401
402
The item bank provides high measurement precision for a wide range of EF. However, for patients 403 having at most "a little" EF problems the item bank may lack precision. The measurement may be 404 improved at a later stage by adding new items particularly relevant for these patients, although from 405 a clinical point of view it may rarely be relevant to determine with high precision whether a patient 406 has "little" or "very little" emotional problems, since neither is likely to need treatment. Compared 407 to the original QLQ-C30 EF scale the new EF item bank has markedly higher precision across the 408 entire continuum, indicating a significant improvement in measurement precision. Also if selecting 409 the four most informative items at each point across the continuum, there is a significant gain in 410 precision compared to the four QLQ-C30 items; the four "maximum information" items provide at 411 least 50% more information than the QLQ-C30 items for about 3 standard deviation units. 412
413
The list of candidate items included five items on emotional wellbeing/positive affect. The 414 evaluations indicated that they did not fit well into a unidimensional model with the distress items 415 and were therefore excluded. These positive items were "experimental" as the QLQ-C30 emotional 416 scale covers distress only. Further, the assessment of distress is the main interest in the context of 417 identifying impairments and intervention needs. This split into an emotional distress and an 418 emotional wellbeing component seems in line with findings, e.g., for the General HealthM A N U S C R I P T
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18 to it as a measure of emotional distress. 422
In addition to the positive items, nine items were deleted because of poor fit to a unidimensional 423 model. Of these, two items on feeling "anxious" and "restless" may have been somewhat 424 ambiguous as they, besides anxiety, may reflect feeling eager/excited. An item on "felt life was 425 meaningless" and one on "felt life isn't worthwhile" were also deleted. Of all items tested, they had 426 the fewest reported problems. The highly skewed response distributions may have affected their fit. 427
When new data with more patients having severe emotional problems become available it might be 428 that these items will show more favorable fit. Hence, they may be candidates for inclusion in a 429 "version 2" of the item bank. However, based on the current sample it does not seem appropriate to 430 include the two items. Finally, four items on being "furious", "angry", "bad-tempered", and 431
"impatient" were deleted. Likely all four, and particularly the first three, relate to anger/aggressive 432 feelings. This aspect of emotional functioning did not seem to fit well with the other aspects and is 433 therefore, not covered by our item bank (anger is not part of the original QLQ-C30 EF scale either). 434
This is an example of the limitation of our unidimensionality requirement: anger may be a relevant 435 aspect to measure, but seemingly cannot be included in a unidimensional measure with the other 436 aspects, and is therefore not included here. If we want to measure anger, a separate item bank may 437 be constructed. Anger has also in other studies been modelled as a separate domain when measuring 438 emotional distress [48] . 439
440
The item bank is dominated by items on depression (constituting 15 of the 24 items). To get a more 441 even distribution of the content areas more items on anxiety and general distress could be added. 442
Note, however, that the main reason for the smaller numbers of anxiety and general distress items is 443 that it was difficult to formulate many distinct, relevant, and fitting items for these areas. But even 444 though the item bank is dominated by items on depression, the CAT can be programmed to always 445 include items from all content areas, thereby ensuring coverage of all areas constituting the EORTC 446 Response options "Quite a bit" and "Very much" were collapsed for item 32 because of reversed thresholds. For country the largest regression coefficient (and the country) when comparing with UK is shown. A coefficient>0 indicates UK patients are more likely to report problems on the item (when controlling for the EF score).
For age the largest regression coefficient (and age group) when comparing with patients ≥70 years is shown. A coefficient>0 indicates that patients ≥70 years are more likely to report problems on the item.
For gender a coefficient>0 indicates that women are more likely to report problems on the item.
For cancer site a regression coefficient>0 indicates that breast cancer patients are more likely to report problems.
For cancer stage a regression coefficient>0 indicates that patients with advanced cancer (III-IV) are more likely to report problems.
For education the largest regression coefficient (and group, years of education) when comparing with patients having more than 16 years of education is shown.
A coefficient>0 indicates patients having more than 16 years of education are more likely to report problems on the item. with the QLQ-C30 scale is required when using a 6-item CAT to obtain the same power.
